Penicillium expansum 0-385-10 produces glucose oxidase and catalase but showed poor growth in medium containing glucose as a sole carbon source. In this culture, gluconate was accumulated, the pH of the culture medium decreased during incubation, and growth was remarkably inhibited.
Introduction
Penicillium expansum is one of the main fungi associated with the spoilage of apples during storage'.
However, information on the relationship between the components of apple fruit and physiology of the fungus is limited2-7). The carbohydrate of apple fruit comprises about 13% soluble sugar (glucose, sucrose and fructose) and 0.5% insoluble sugar (pectin, xylan etc.). Previously2), we reported that P. expansum 0-385-10 showed good growth in medium containing pectin or xylan, and in these cultures, the fungus extracellularly produced xylan-and pectin-degrading enzymes, respectively.
The physiological roles of these enzymes in apple fruit were examined. As for the xylan-degrading enzymes, three (xylanase I, and some properties of the purified enzymes have been clarified8 Glucose oxidase activity was determined spectrophotometrically at 420 nm using a coupled chromogenic assay 16). The reaction mixture contained 0.5 ml of 100 mM sodium acetate buffer (pH 5.0), 0. Purification of glucose oxidase and catalase The crude enzyme preparation obtained from the glucose culture was concentrated with an ultrafiltration module (Microza ACP-1010, Asahi Kasei). The concentrated solution was applied to a CM Sephadex C-25 (Pharmacia) sodium acetate buffer (pH 5.0). The column was washed with the buffer and eluted with a linear gradient of sodium chloride (0 to 500 mM) dissolved in the same buffer at a flow rate of 10 mi/hr. The glucose oxidase activity was detected in the fraction eluted from the column with the gradient buffer. The active fractions were combined and concentrated with an ultrafiltration unit (10 k Apollo, Orbital Biosciences, LLC). The concentrated solution was applied to the sodium acetate buffer (pH 5.0). The column was eluted with the same buffer at a flow rate of 7 ml/hr. The active fractions were collected and concentrated using the ultrafiltration unit. The concentrated solution was applied to the 2nd 100 cm) previously equilibrated with 10 mM sodium acetate buffer (pH 5.0). The column was eluted with the same buffer at a flow rate of 7 ml/hr.
The resultant preparation as purified The gel was stained with 0.25% Coomassie brilliant blue R-250 in a 50% methanol-10% acetic acid solution.
Molecular weight estimation
The molecular weight of the native enzymes were estimated by HPLC on a TSK G-2000 SW (Tosoh) column equilibrated with 50 mM potassium phosphate buffer (pH 6.7) containing 100 mM Na2SO4. The column was eluted with the same buffer.
Moreover, the molecular weight of the denatured enzyme was estimated by SDS polyacrylamide gel electrophoresis as described above. Incubation of purified enzymes with apple fruit Purified glucose oxidase and catalase were incubated with apple fruit separately or in combination.
Small pieces of apple were lightly washed with distilled water and suspended in 50 mM sodium acetate buffer (pH 5.0). These pieces were incubated with purified glucose oxidase (0.5 U) and/or catalase (160U) in the presence or absence of the xylanase preparation for Production of glucose oxidase and catalase Activities of glucose oxidase and catalase in the filtrates from the culture of P. expansum incubated in the media containing glucose, sucrose and fructose were examined, respectively (Table 1 ). The activity of glucose oxidase was detected in the filtrates of the glucose and sucrose cultures, but not in the filtrate from fructose culture. Glucose oxidase activity from the glucose culture was about 3 times higher than that from the sucrose culture.
These results indicate that the fungus glucose oxidase was induced by glucose. In Penicillium pinophilum, it has been reported that fructose was an excellent substrate for growth and glucose oxidase The optimal pHs of glucose oxidase and catalase were in the comparatively acidic region. Glucose oxidase and catalase showed about 80% and 50% activity at pH 3, respectively [ Fig. 3(A) ], which is higher than those of the Penicillium chrysogenum enzymes (about 30% and 0% activity, respectively)30). Glucose oxidase was stable in the pH range of 4 to 8 whereas catalase was stable above pH 3 [ Fig. 3 (B)]. These results indicate that both enzymes function in the fruit. The effects of metal ions on purified glucose oxidase and catalase were also examined (Table 3 ). The activity of glucose oxidase was inhibited byFe2+, Cu2+ and Hg2+ ions, while catalase was also inhibited by Fe2+ and Hg2+ ions. On the other hand, the activity of catalase was strongly activated by Ca2+ and Ba2+ ions of the alkaline earth metal group. However, Fig. 4 The actions of the purified enzymes for apple fruit tissue were examined (Table 4) . When a combination of glucose oxidase and catalase were incubated with pieces of apple, the fruit tissue browned remarkably.
Furthermore, xylanase obtained from the fungus was added to the mixture of glucose oxidase, catalase and apple fruit in order to examine the effect of the degrading of fruit tissue on the browning reaction. The browning reaction was enhanced by adding xylanase to the incubation mixture.
This result suggests that xylanase destroyed the cell wall of the fruit, resulting in the liberation of glucose2). No browning was 
